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1 3.  ABSTRACT  (Maximum  200  Words, I  - - - 

Methods  developed  and  refined  to  characterize  ion  and  molecular  transport  process  in 
disordered  media  are  described.  The  primary  tool  is  pulsed  field  gradient  NMR.  A  static 
field  gradient  method  was  developed  which  makes  possible  variable  pressure  diffusion 
measurements.,  and  the  application  to  the  important  fuel  cell  membrane  NAFION  constitute 
the  first  results  of  their  kind  ever  published.  Standard  ambient  pressure  results  for 
lithium  ion  conducting  polymer  electrolytes  containing  nanoscopic  silica  are  included,  as 
well  as  the  description  of  a  novel  scheme  to  produce  highly  conducting  polymer 
electrolytes  by  magnetic  field  alignment  of  the  polymer  chains.  Fuel  cell  membranes 
developed  by  collaborators  at  Wright-Patterson  Air. Force  Base  were  also  investigated. 
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Technical  Objectives 

Promising  strategies  for  development  of  direct  methanol  fuel  cells  are  being  pursued  by  our 
colleagues  at  the  U.S.  Naval  Academy,  Tel  Aviv  University,  the  University  of  Rome,  and 
Wright-Patterson  Air  Force  Base  as  well  other  collaborators.  Our  objective  is  to  provide 
atomic/molecular  level  characterization  of  structure  and  transport  in  proton-conducting 
membrane  and  catalyst  materials  in  order  to  provide  a  better  understanding  of  electrochemical 
behavior  and  performance  limitations  of  the  samples  provided  by  our  colleagues. 


Technical  Approach 

Nuclear  magnetic  resonance  (NMR)  is  utilized  to  characterize  water  and  methanol  molecular 
mobility  and  host  polymer  -  solute  interactions.  Self-diffusion  coefficients  of  both  water  and 
methanol  (or  other  liquid  fuels)  in  polymer  electrolyte  membranes  equilibrated  in  water/ 
methanol  solution  are  determined  by  pulsed  field  gradient  techniques.  The  relationship  between 
the  diffusion  results,  which  reflect  macroscopic  charge  and  mass  transport,  and  spin-lattice 
relaxation  measurements,  which  are  sensitive  to  nm-scale  motional  processes  is  examined  on 
order  to  shed  light  on  the  proton  transport  mechanism.  X-ray  absorption  spectroscopy  (EXAFS 
and  NEXAFS)  is  utilized  to  characterize  local  structure  of  various  catalyst  compositions 
sputtered  directly  onto  electrolyte  membranes. 

Progress 

With  partial  AFOSR  funding,  we  have  developed  an  NMR  system  to  measure  self-diffusion 
coefficients  at  higher  pressures  because  of  two  timely  developments:  (i)  the  replacement  of  the 
stainless  steel  (which  is  slightly  magnetic  at  7  T  fields)  pressure  bomb  with  a  Cu/Be  high 
pressure  alloy;  (ii)  accumulated  experience  in  measuring  self-diffusion  in  static  field  gradients, 
i.e.  in  the  fringe  field  of  the  NMR  magnet.  A  schematic  of  the  set-up  is  shown  below. 


Self-diffusion  measurements  using  static  field  gradients,  while  technically  more  difficult  than 
“standard”  PFG  measurements,  offer  two  important  advantages.  The  first  is  that  the  static 
gradient  strengths  are  typically  an  order  of  magnitude  greater  than  pulsed  gradients,  which  will 
permit  measurements  of  order-of-magnitude  lower  diffusion  coefficients  than  accessible  by  PFG 
methods.  This  will  then  make  possible  the  extension  of  diffusion  measurements  in  polymer 
electrolytes  and  polymer  nanocomposites  down  to  lower  temperatures  than  current  capabilities 
allow.  The  second  advantage  is  that,  in  combination  with  our  high  pressure  NMR  probe,  it  will 
be  possible  to  measure  self-diffusion  coefficients  in  polymer  electrolytes  as  a  function  of 
hydrostatic  pressure.  As  proof-of-principle,  we  have  obtained  the  first  documented  (to  our 
knowledge)  pressure-dependent  diffusion  data  in  a  membrane,  or  for  that  matter,  any  composite 
system  (not  a  pure  element  or  compound).  Shown  below  are  echo  decay  data  used  to  determine 
the  self  diffusion  coefficient  for  a  typical  hydrated  Nafion  sample.  The  second  figure  displays  the 
diffusion  coefficients  in  Nafion  as  a  function  of  water  content,  which  in  turn  can  be  used  to 
calculate  the  activation  volumes.  We  expect  the  high-pressure  diffusion  measurements  to  lead  to 
significant  new  insights  into  the  conduction  mechanisms  of  polymer  electrolytes. 


In  collaboration  with  Dr.  Robert  Mantz  at  WPAFB,  we  have  investigated  a  series  of  highly  sulfonated 
polyarylenethioethersulfone  (SPTES)  polymer  membranes  developed  at  WPAFB.  The  'H  spectra 
as  well  as  the  diffusion  rates  were  determined  as  a  function  of  temperature.  Comparison  of 
conductivity  and  diffusion  activation  energies  indicate  that  H+  and  water  transport  are  closely 
correlated.  These  membranes  were  also  examined  for  possible  application  in  direct  methanol  fuel 
cells,  by  measuring  both  water  and  methanol  diffusion  in  samples  equilibrated  in  2M  methanol 
solution.  The  results  indicate  that  methanol  mobility  is  lower,  relative  to  water  mobility  in 
SPTES  membranes  than  in  NAFION. 


In  collaboration  with  Dr.  Stefano  Passerini  of  ENEA  (the  Italian  National  Energy  Laboratory), 
we  have  shown  that  PEO/BETI  complexes  prepared  with  fumed  silica  show  only  a  small 
difference  in  conductivity  and  ionic  diffusivity  compared  to  silica-free  materials.  The 
significance  of  this  controversial  result  is  that  the  polymer  electrolytes  were  prepared  by  a 
solvent-free,  hot-pressing  method,  suggesting  that  the  widely  observed  nanoparticle  enhancement 
of  conductivity  could  be  associated  at  least  to  some  extent  with  solvent  retention  by  the 
nanoparticles.  Obviously  a  better  understanding  of  these  issues  is  central  to  the  development  of 
new,  stable  power  sources  for  military  applications.  The  most  important  civilian  application 
concerns  economically  feasible  batteries  for  electric  vehicles. 

In  collaboration  with  J.  Fontanella  (US  Naval  Academy)  and  Gary  Wnek  (Virginia 
Commonwealth  Univ.)  we  have  used  standard  pulsed  field  gradient  NMR  results  to  show  that  the 
water  and  ion  transport  properties  in  electrosprayed  NAFION  are  essentially  the  same  as  in 
commercial  films. 

In  collaboration  with  E.  Peled,  (Tel  Aviv  Univ.),  we  have  developed  a  means  for  orienting 
polymer  electrolytes  perpendicular  to  the  casting  plane  by  using  a  strong  inhomogeneous 
magnetic  field.  Prior  work  by  our  groups  (also  partly  funded  by  NMR)  demonstrated  significant 
conductivity  enhancement  in  mechanically  oriented  (i.e.  stretched)  polymer  electrolyte  films.  The 
current  work  is  far  more  relevant  to  applications  because  the  conductivity  enhancement  is  in  the 
technologically  useful  direction  (perpendicular  to  the  plane).  Evidence  of  orientation  in  the  field 
from  electron  microscopy  is  shown  below. 


X-sectional  electron  micrographs 
of  random  (a)and  magnetically 
oriented  (b)  polymer  electrolyte 
based  on  PEO 
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